Abstract: New medium-size basis sets are constructed for rare-gas (Rg) atoms and tested on their dimers Rg 2 . The main part of the these bases contains the standard aug-cc-pVTZ basis set modified and extended by the g-and h-polarization functions. Their optimization allows accurate calculations of the dispersion interaction without the involvement of the bond functions. A new convenient analytical potential function is invented to fit accurately the interaction energy. The potentials derived for Rg dimers predict the vibrational transition energies and rotational constants to accuracy of 1%. Graphical abstract: New medium-size basis sets without the involvement of bond functions are constructed for raregas atoms and tested on their dimers.
I. INTRODUCTION
Molecular clusters composed of a single molecule complexed by several rare-gas (Rg) atoms have been a subject of intense experimental and theoretical investigations. Such clusters bound mainly by the dispersion interaction appeared to be most difficult to treat theoretically, since the dispersion energy arises solely from the interelectron correlation. Nevertheless, a good number of benchmark calculations employing sophisticated ab initio methods have been reported for Rg dimers [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] .
A major problem in these methods is the proper choice of the one-particle basis sets. A good description of dispersion needs extensive polarization and diffuse functions in these basis sets. Recently, very accurate interaction potentials for a series of Rg dimers have been calculated by employing large correlation consistent Dunning's basis sets aug-cc-pVXZ [16, 17] up to X = 5 and 6, supplemented with the diffuse bond functions located in the middle of the Rg 2 bond [12, 14, 15] . However, the size of such extended basis sets makes the calculations on large Rg clusters unfeasible. An additional problem appears with the bond functions because it is not clear how they should be located in the space between the nuclei.
The goal of this work is to design moderate basis sets without the bond functions that could provide highly accurate results for the clusters containing Rg atoms. The lack of the bond functions can be compensated by the interaction-optimized polarization functions. To test the efficiency of the new basis sets, the interaction potentials for the Rg dimers will be calculated and expressed by a new convenient analytical form.
II. METHOD
The main source of errors in the calculated interaction energy is the incompleteness of the one-particle basis sets. Very large bases are necessary to achieve the complete basis set (CBS) limit. The basis size can be significantly reduced by optimizing the Gaussian parameters of the basis functions. The optimization is a difficult problem, so until now it has been performed only for He 2 [2, 6] , Ne 2 [10] and HeNe [11] clusters.
A common practice is the optimization of only a small fraction of the basis functions from the total basis set. For example, Cybulski and coworkers [12, 15] constructed the basis sets for Rg dimers for Rg = He, Ne Ar and Kr from the standard aug-cc-pVXZ bases (further abbreviated by avxz) supplemented by bond functions of the type proposed by Tao and Pan [18] . Only the bond functions located in the middle of the Rg-Rg bond were optimized in their bases.
We applied a similar method; however, we have not used the bond functions. To reduce significantly the basis size and simultaneously to conserve its flexibility, we have chosen the avtz basis as the main part. However, for He the larger avqz basis was selected because its structure is analogous to the avtz basis for heavier Rg atoms. These bases were modified by removing some tight polarization functions and by adding the g-and h-functions. Our tests calculations for He 2 and Ne 2 indicated that the tight d-type functions with the highest exponent were insignificant in the bonding region, thus they were removed. However, they were conserved for Ar and Kr. The s-and p-type functions in the avtz and avqz bases were unchanged. As a consequence, the following structure of the basis sets was established: s-and p-orbitals were taken from the original basis sets mentioned above, the three sets (four for Kr) of d-, two sets of f-, one set of g-and h-type functions were included into the desired basis sets. This basis structure will be abbreviated further by avqz(spd')211 for He, avtz(spd')211 for Ne, and avtz(spd)211 for Ar and Kr.
III. RESULTS AND DISCUSSION

III. 1. Ab initio interaction energy
The interaction energy of the Rg dimers has been calculated using the coupled cluster singles and doubles including the connected triples theory [CCSD(T)] [19] in the framework of the supermolecular method, by employing the GAUSSIAN03 program package [20] . The basis set superposition error was eliminated by employing the usual counterpoise procedure [21] . As the core correlation has a small influence on the interaction energy, only the valence orbitals were involved in the correlation. Indeed, the core corrections at the equilibrium bond length r e , for Ne 2 [13] , Ar 2 and Kr 2 [14] were estimated to be about 0.2, 1 and 3 cm , respectively. The exponents of the polarization functions were optimized at the equilibrium bond length e r r = because they depended weakly on r. Table 1 Table 1 for shortness. The f-functions obtained from the optimization appeared to be much more diffuse than those contained in the original basis sets. The same refers to the additional g-and h-functions. The obtained basis sets are not larger for Rg dimers, except for He, than the avtz + 33221 basis sets with the bond functions 3s3p2d2f1g [12, 15] . The size of the basis avtz + 33221 quickly grows for the larger clusters Rg n because the number of the bond functions located in the points placed between the nuclei grows as ( ) 1 / 2. n n + Our basis without the bond functions is more efficient. Nevertheless, it provides the accuracy comparable to that yielded by the larger avtz + 33221 basis set. [12, 14] Our results are less accurate in the repulsion region where ( ) 0.
E r > This is a consequence of the lack of the tight polarization functions in our bases. However, this drawback is not essential when the bound states of the clusters are considered, because the wave functions of such states are localized mainly in the bonding region where 
III. 2. Analytical potential energy curves
To derive the measurable molecular parameters from the single-point energy values they should be converted to the analytical potential energy curve ( ).
V r Usually, ( ) V r is composed of a short-range repulsive V + and a long-range attractive V − parts. The attractive potential can be represented by the damped dispersion series containing the dispersion coefficients 2n C [22] . 
with the adjustable parameter . Tables 2-5 are collected in Table 6 .
The energy values calculated using the av5z + 33221 basis set [12, 15] [12] , and for Kr 2 in Ref. [15] The quality of the potentials presented was tested from the spectroscopic point of view. Table 7 collects the frequencies of the vibrational transitions as well as the ground-state rotational constants B 0 of the dimers Rg 2 , except for He 2 for which no bound states were found. These quantities were calculated by solving numerically the Schrödinger equation for the nuclear motion. A comparison of the results derived for the avtz(spd)211 and av5z + 33221 basis sets shows that the vibrational frequencies obtained for our basis set deviate by about 1% or less from more accurate values reported [12, 15] for the latter basis set. The same refers for the rotational constants. This shows that our basis sets allow us to generate the potentials useful for spectroscopic purposes.
